A bench-scale SBR was operated for almost three years in an attempt to optimise the treatment of leachates generated in old landfill. The results of the first two years were used to design a monitoring and control system based on artificial intelligence concepts. Nitrogen removal was optimized via the nitrite shortcut. Nitrification and N removal were usually higher than 98% and 90%, respectively, whereas COD (of the leachate) removal was approximately 30-40%.
INTRODUCTION
Sanitary landfill leachate treatment is usually accomplished by multistage systems using chemical, physical and biological processes. Leachate generated in old landfills is a highstrength wastewater characterized by a low BOD/TKN ratio. Therefore, biological nitrogen removal can be achieved only if an external biodegradable COD source is provided for the denitrification process (Lema et al. 1988; Kjeldsen et al. 2002) . Among several technologies, sequencing batch reactors (SBRs) have been demonstrated to be feasible for biological leachate treatment (EPA 1995) .
Nitrogen removal from wastewaters is usually accomplished through nitrification and denitrification processes.
Instead of using the full nitrification/denitrification path, biological nitrogen removal via nitrite is a promising alternative for the optimization of nitrogen removal, in particular in the presence of a low biodegradable COD to TKN ratio. Nitrite pathway decreases the oxygen demand and the carbon consumption up to 25% and 40%, respectively. During the last decade, several processes have been proposed for nitrogen removal optimization via nitrite (reviewed by Villaverde 2004) . Among these processes, nitrite build-up may be sustained by optimizing phase duration in SBRs, switching nitritation process to denitritation once the maximum nitrite concentration has been reached (Abeling & Seyfried 1992; Fux et al. 2006) .
Dissolved oxygen (DO), pH and oxidation-reduction potential (ORP) have been frequently used for monitoring and control of batch reactors (Spagni et al. 2001) . The majority of studies using these process measurements have been focussed on municipal wastewaters (e.g. Wareham et al. 1993; Battistoni et al. 2003) , though a few have also been carried out on industrial (Li et al. 2004) or agricultural wastewaters (Ra et al. 1997; Cheng et al. 2000) . In the last few years, some applications of artificial intelligence, such as fuzzy logic (Marsili-Libelli 2006) , have been reported for wastewater treatment monitoring and control.
In the present study a lab-scale SBR treating leachate from an old landfill was kept in operation for almost three doi: 10.2166/wst.2008.399 years in order to optimise nitrogen removal and external COD addition (used for denitrification). During the first year the SBR was extensively monitored in order to optimise nitrogen removal using conventional nitrification and denitrification procedures. During the second year, the plant was operated in order to accumulate nitrite in an attempt to improve nitrogen removal (via nitritation and denitritation process) and external COD addition. During the third year a fuzzy control system (based on DO, pH and ORP process signals) was applied to supervise the switching sequence of the phases.
METHODS
A lab-scale SBR, with a maximum working volume of 24 L, treating raw leachate originating from an old municipal landfill, was operated for more than 900 days in a thermostatic room at 20^0.58C. Initially, the SBR was operated with a "full"-cycle of 24 hours divided in series of 4 sub-cycles of 5.75 hours, followed by one hour of settling.
During the present study, operational conditions were modified according to leachate characteristics. In particular, due to the large variations registered in leachate strength (Table 1 , Figures 1 and 2a) , the length of anoxic and aerobic phases, feed load and the sludge age were modified in accordance with leachate concentration.
During the I and II experimental period (EP) operational conditions were modified manually, whereas during the III EP the plant was operated by a control system based on fuzzy logic. As a result (during I and II EP), each sub-cycle was operated starting with an anoxic-anaerobic phase of 1.0 to 2. Four experimental periods can be identified: † SU (start-up): the plant was seeded with sludge from a municipal wastewater treatment plant. † I: the reactor was operated in order to optimize nitrogen removal via nitrification and denitrification processes. were manually modified (almost every day) according the analytical measurements and the behaviour of pH,
ORP and DO signals . † III: a fuzzy supervisory system was introduced to identify and manage the correct switching sequence of the plant.
The control system performed the phase-end detection and managed the on/off switching of the blower, mixer and pumps (filling, acetate addition, sludge and effluent withdrawal). The monitoring and control system (III EP) is based on a number of successive operations on the data. Upon acquisition, the data are validated and denoised using a wavelet filter, then numerical derivation is performed and a fuzzy inference algorithm is used to detect the end of the current phase. At the end of the decision chain, the phase termination signal activates the relevant actuators, thus closing the control loop (the control algorithm is described in Marsili-Libelli et al.
2007
). During the first part of the III EP (IIIa) the SBR was operated with fixed timed phases (in order to stabilize the process to the new operation and verify the algorithm) whereas during the second part (IIIb) the fuzzy supervisor took over the operation entirely, determining the duration of the anoxic and the oxic phase, and the addition of the external COD.
The fuzzy inferential system used in the III EP was developed in the LabView 7.1 platform (National Instruments, Austin TX, USA) and provided both local and remote control through the Internet. 
RESULTS AND DISCUSSION
Leachate showed very high variation in COD and nitrogen concentration (Figures 1 and 2a) . was also affected by the incorrect operation of the SBR and during EP II it was the lowest of the study ( Figure 2c and Table 2 ). The observed instability was mainly caused by the inability to correctly regulate the phase length by means of manual adjustment. On the contrary, N removal during the other experimental periods was higher (92 -95%) than during the II EP (Table 2) Due to the low COD/N ratio of the leachate (Table 1) lowest HRT and the highest loads (Table 2 ) demonstrating the effectiveness of using the "nitrite short-cut" for nitrogen removal optimization. Therefore, the best improvement in HRT and loading seems to be related to the application of the control system (Table 2 ). 
CONCLUSIONS
The SBR process proved itself as a suitable technology for biological treatment of leachates resulting from old landfills.
Nitrification and N removal were usually higher than 98% and 90%, respectively: COD removal was approximately 30 -40% (as average value) due to the low biodegradability of organic matter present in leachate from old landfills.
External COD was needed to accomplish the denitrification process.
The study confirms the effectiveness of the nitrite path for N removal optimisation in leachate treatment, in particular when external COD has to be added to improve the denitrification process. Due to the variations of the leachate characteristics, a control system based on artificial intelligence concepts was designed and engineered to monitor and operate the SBR. With this control system a significant improvement of the process was obtained: the COD and N load were increased (and HRT decreased).
Moreover, it is noteworthy that, using the control system, a significant decrease (approximately 34%) in the ratio of the amount of external COD added to N leachate content was also obtained.
